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IMAGE REJECTION MIXER WITH SWITCHABLE 
HIGH OR LOW SIDE INJECTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to telecommunications and 
radio frequency receivers, and more particularly to an image 
rejection mixer with switchable high or low side injection for 
a radio frequency to intermediate frequency converter. 

2. Description of Related Art 

The field of telecommunications has been developing 
rapidly. Hand-held mobile communications devices are now 
ubiquitous. With the popularity of such devices has come the 
demand for smaller size, higher speed, lower power consumption 
and lower cost. To accomplish these demands requires greater 
integration of the electronic components. 

Most RF communications devices today use some variant of 
the conventional super-heterodyne approach. In conventional 
heterodyne receivers the received radio frequency (RF) is 
normally converted to one or more lower intermediate 
frequencies (IF) because the intermediate frequencies are more 
readily amplified and filtered. The RF signal is converted to 
an IF signal by injecting a mixing signal generated by a local 
oscillator into the RF signal. Unfortunately, the image of 
the RF signal can be mixed to the same IF frequency, which 
corrupts the desired output signal. 

Fig. 1 is a graph showing low-side local oscillator (LO) 
injection, in which a carrier frequency (RF) is higher than a 
LO injection frequency and an image signal is lower than the 
LO frequency, while Fig. 2 is a graph showing high-side LO 
injection, in which the carrier frequency (RF) is lower than 
the LO injection frequency and an image signal is higher than 
the LO frequency. Filtering is necessary to attenuate such 
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unwanted signals. If the unwanted signals are not attenuated 
sufficiently, they may be converted to a base band frequency 
that interferes with the desired output signal. 

One method of attenuating such unwanted signals is via 
filtering. U.S. Patent No. 6,097,269 assigned to Motorola, 
Inc., the assignee of the present application, discloses a 
single, tunable filter capable of both high and low side 
injection protection. The filter includes a pair of 
reactively coupled resonators, which are formed with 
varactors, capacitors and inductors. 

Fig. 3 is a schematic block diagram of a conventional 
image rejection mixer 20 that provides one of either high-side 
injection or low-side injection. The image rejection mixer 20 
includes a first mixer 22 that receives an RF input signal and 
a first local oscillator (LO) signal and generates a first 
intermediate frequency (IF) output signal. A second mixer 24 
receives the RF input signal and a second LO signal and 
generates a second IF output signal . The first LO signal is a 
phase lag signal or sin C0i o t and the second LO signal is a 
phase lead signal or cos (0i o t, wherein 00i o t is a frequency 
signal generated by a local oscillator (not shown) . A phase 
shift circuit 26 is connected to the first mixer 22, receives 
the first IF output signal, and produces a phase shifted 
signal. The phase shifted signal and the second IF output 
signal are combined with a summer 28, thereby providing a 
final IF output signal. 

If the phase shift circuit 2 6 generates a 90 degrees 
phase lead signal, the image rejection mixer 20 provides high- 
side injection. On the other hand, if the phase shift circuit 
2 6 generates a 90 degrees phase lag signal, the image 
rejection mixer 2 0 provides low-side injection. 

It would be advantageous if a low power image rejection 
mixer could be formed on a single substrate, without discrete 
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components, that is switchable between high-side injection and 
low-side injection. 

SUMMARY OF THE INVENTION 
5 The present invention provides an image rejection mixer 

that is switchable for either high side injection or low side 
injection . 

In a first embodiment, the present invention provides an 
image rejection mixer including a first mixer that receives an 
10 RF input signal and a first local oscillator (LO) signal and 
generates a first intermediate frequency (IF) output signal 
and a second mixer that receives the RF input signal and a 
second LO signal and generates a second IF output signal. The 
first LO signal is sin ffli 0 t and the second LO signal is -cos 
15 COiot, where C0i o t is a frequency signal generated by a local 
oscillator. A summer is connected to the first and second 
mixers for receiving the first and second IF output signals 
and generating a combined IF output signal. 

In a second embodiment, the present invention provides a 
20 quadrature limiter circuit including an I limiter circuit 

having an I limiter first side and an I limiter second side, 
where the I limiter first side is a phase inverting side and 
the I limiter second side is a phase non-inverting side. The 
I limiter circuit receives a first local oscillator (LO) 
25 signal and generates a pair of I limiter output signals. An 

injection enable signal is provided to the I limiter first and 
second sides for selectively enabling one of the I limiter 
first and second sides. A Q limiter circuit includes a Q 
limiter first side and a Q limiter second side. The Q limiter 
3 0 circuit receives a second local oscillator (LO) signal and 

generates a pair of Q limiter output signals. The Q limiter 
first side is always enabled and the Q limiter second side is 
always disabled. 
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In a third embodiment, the present invention provides a 
method of generating an intermediate frequency (IF) signal 
from a radio frequency (RF) signal, including the steps of 
mixing an RF input signal and a first local oscillator (LO) 
5 signal to generate a first intermediate frequency (IF) output 
signal, where the first LO signal is sin ©i 0 t, mixing the RF 
input signal and a second LO signal to generate a second IF 
output signal, where the second LO signal is -cos 00i o t, COiot is 
a frequency signal generated by a local oscillator, and 
10 summing the first and second IF output signals to generate a 
combined IF output signal . 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing summary, as well as the following detailed 
15 description of preferred embodiments of the invention, will be 
better understood when read in conjunction with the appended 
drawings. For the purpose of illustrating the invention, 
there is shown in the drawings embodiments that are presently 
preferred. It should be understood, however, that the 
20 invention is not limited to the precise arrangements and 
instrumentalities shown. In the drawings: 

Figs. 1 and 2 are graphs showing the relationship between 
an RF signal, a local oscillator signal and an image signal; 
Fig. 3 is a schematic block diagram of a conventional 
25 image rejection mixer that provides one of high-side injection 
or low-side injection; 

Fig. 4 is schematic diagram of an image rejection mixer 
that uses a network of switches for producing a phase shift; 
Figs. 5 and 6 are schematic block diagrams of image 
3 0 rejection mixers that perform one of high side injection and 
low side injection in accordance with the present invention; 

Fig. 7 is schematic circuit diagram of a first quadrature 
limiter circuit of an image rejection mixer that selectively 
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performs high side and low side injection in accordance with 
the present invention; and 

Fig. 8 is schematic circuit diagram of a second 
quadrature limiter circuit of an image rejection mixer that 
selectively performs high side and low side injection in 
accordance with the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
In the drawings, like numerals are used to indicate like 
elements throughout . 

Referring to Fig. 4, an image rejection mixer circuit 30 
that is switchable for either high-side injection or low-side 
injection in accordance with a first embodiment of the present 
invention is shown. The image rejection mixer circuit 30 
includes a two-stage polyphase network 32 and a plurality of 
switches SW1-SW8. The switches SW1-SW8 are connected between 
first and second mixers 34, 36 and the polyphase network 32. 
As will be understood by those of skill in the art, the first 
mixer 34 is an I mixer and the second mixer is a Q mixer, "I" 
being the " in-phase u component of the waveform and "Q" the 
quadrature component. The polyphase network 32 produces a 
quadrature phase lead and phase lag differential signal. The 
switches SW1-SW8 are used to steer the differential IF signals 
output from the first and second mixers 34, 3 6 to the 
appropriate input terminals A-D of the polyphase network 32. 
Polyphase networks are passive R and C networks, providing an 
efficient way for wideband quadrature signal generation with 
reduced sensitivity to component mismatch. Such two stage 
polyphase networks that can produce phase lead and phase lag 
are known to those of skill in the art. 

For example, as shown in Fig. 4, to produce a 90 degree 
phase lead, the noninverting output of the I mixer 34 is 
provided to the A input of the polyphase network 32 by closing 
SW1 and opening SW2 . The inverting output of the I mixer 34 
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is provided to the C input of the polyphase network 32 by 
closing SW5 and opening SW6 . At the same time, the 
noninverting output of the Q mixer 36 is provided to the B 
input by closing SW4 and opening SW3 , and the inverting output 
of the Q mixer 36 is provided to the D input by closing SW8 
and opening SW7 . In this manner, the X and Y outputs of the 
polyphase network 32 provide a differential signal in which 
the I path leads the Q path by 90 degrees. 

On the other hand, to produce a 90 degree phase lag, SWl 
is opened and SW2 is closed to steer the noninverting output 
of the I mixer 34 to the B input of the polyphase network 32 
and SW3 is closed and SW4 is opened to steer the noninverting 
output of the Q mixer 3 6 to the A input of the polyphase 
network 32. At the same time, SW5 is opened and SW6 is closed 
to steer the inverting output of the I mixer 34 to the D input 
terminal, and similarly, SW7 is closed and SW8 is opened to 
steer the inverted output signal of the Q mixer 3 6 to the C 
input terminal. In contrast to above, the X and Y outputs of 
the polyphase network 32 now provide a differential signal in 
which the I path lags the Q path by 9 0 degrees. 

The switches SW1-SW8 are preferably implemented with MOS 
transmission gates. Thus, the image rejection mixer 20 can be 
modified to selectively either high or low side injection by 
adding the switches SW1-SW8. The mixer circuit 30 is suitable 
when the IF frequency is low and the required space on a chip 
substrate is available because at low frequency, the 
resistance Rs in the passive polyphase network 32 is 
relatively large in comparison to the on-resistance (about 25 
ohms) of the transmission gates (SW1-SW8) . To implement 25 
ohm on-resistance using presently available technology 
requires approximately one 100 urn x 0.4 urn PMOS gate and one 
50 urn x 0.4 NMOS gate for each switch, and the mixer 30 uses 
eight switches (SW1-SW8) . Furthermore, at high frequency, the 
resistance Rs in the polyphase network 32 decreases such that 
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larger MOS switches are required. Further, signal loss is 
experienced due to parasitic capacitance* 

It has been determined that instead of steering the IF 
signals to the appropriate terminals of the two-stage 
polyphase network 32 to select between phase lead and phase 
lag in order to perform high or low-side injection, high or 
low-side injection can be selected by inverting the LO phase 
before providing it to the I mixer 34, and thus, only a phase 
lag is required of the Q mixer 36 IF output signal. 

Fig. 5 is a schematic block diagram of an image rejection 
mixer 40 according to the present invention. The image 
rejection mixer 40 includes a first mixer 42 that receives an 
RF input signal RFin and a first local oscillator (LO) signal 
(sin ®iot) and generates a first intermediate frequency (IF) 
output signal. A second mixer 44 receives the RF input signal 
RFin and a second LO signal (-cos (0i o t) from the local 
oscillator and generates a second IF output signal. Local 
oscillators and associated circuitry capable of generating the 
first and second LO signals are understood by those of skill 
in the art and thus, a detailed description of the local 
oscillator is not required to understand the invention. 

A phase shift circuit 46 is connected to the first mixer 
42, receives the first IF output signal, and generates a phase 
lag signal. The phase shift circuit 46 causes the phase lag 
signal to lag the first IF output signal preferably by about 
90 degrees. A summer 48 is connected to the phase shift 
circuit 46 and the second mixer 44 and receives the phase lag 
signal and the second IF output signal. The summer 48 
combines the phase lag signal and the second IF output signal 
to generate a combined IF output signal IFout . 

The image rejection mixer 40, as shown in Fig. 5, 
produces a high-side LO injection, which corresponds to the 
graph shown in Fig . 2 . 
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Fig. 6 is also a schematic block diagram of the image 
rejection mixer 40 according to the present invention, except 
that the LO input to the second mixer 44, i.e., the second LO 
signal, is cos ©i 0 t. When the second LO signal is cos ©lot, 
the mixer 40 performs low-side LO injection, which corresponds 
to the graph shown in Fig. 2. Thus, in order to perform high 
or low-side injection, rather than steering the mixer output 
signals to a phase shift circuit for performing a phase lead 
or a phase lag, as required by the prior art circuit 20 (Fig. 
3), the present invention requires only selectively inverting 
the input to the second mixer circuit 44 . 

Fig. 7 shows a first embodiment of an I limiter circuit 
50 for inverting the second LO signal provided to the second 
mixer circuit 44 and a Q limiter circuit 52 for providing the 
first LO signal to the first mixer circuit 42 . Preferably, 
the first and second mixer circuits 42, 44 are differential 
circuits. Thus, Fig. 7 shows the first and second mixer 
circuits 42, 44 receiving pairs of the RF input signal RFin 
and a pair of the respective one of the first and second LO 
signals . 

The Q limiter circuit 52 is connected to the first mixer 
circuit 42. The Q limiter circuit 52 receives an LO Q signal 
from a local oscillator (not shown) and generates the first LO 
signal therefrom. In the first embodiment, the Q limiter 52 
comprises a first current source 521, a first transistor 522, 
a second transistor 523, a first resistor 524 and a second 
resistor 525. A first terminal of the first current source 
521 is connected to ground. The emitters of the first and 
second transistors 522, 523 are connected together and to a 
second terminal of the first current source 521. The first 
current source 521 is always enabled. The bases of the first 
and second transistors 522, 523 receive the differential LO Q 
signal from the local oscillator. The collectors of the first 
and second transistors 522, 523 are connected together by way 
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of the first and second resistors 524 , 525. The first LO 
signal is a differential signal obtained at the collectors of 
the first and second transistors 522, 523. 

The I limiter circuit 50 is connected to the second mixer 
5 circuit 44. The I limiter circuit 50 receives an LO x signal 
from the local oscillator and generates the second LO signal. 
The I limiter circuit 50 preferably comprises a second current 
source 53 0, a third current source 531, a third transistor 
532, a fourth transistor 533 , a third resistor 534, a fourth 
10 resistor 535, a fifth transistor 536 and a sixth transistor 
537 . 

A first terminal of the second current source 53 0 is 
connected to ground. The emitters of the third and fourth 
transistors 532, 533 are connected to each other and to a 

15 second terminal of the second current source 53 0. The bases 
of the third and fourth transistors 532, 533 receive the LOj 
signal. The third current source 531 has a first terminal 
connected to ground. The emitters of the fifth and sixth 
transistors 53 6, 537 are connected together and to a second 

20 terminal of the third current source 531. The bases of the 
fifth and sixth transistors 536, 537 receive the LC^ signal. 
The collectors of the third and fifth transistors 532, 536 are 
connected together at a first node Nl, the collectors of the 
fourth and sixth transistors 533, 537 are connected together 

25 at a second node N2 , and the bases of the fourth and fifth 
transistors 533, 53 6 are connected to each other at a third 
node N3 . The third resistor 534 has a first terminal 
connected to the first node Nl . The fourth resistor 535 has a 
first terminal connected to the second node N2 and a second 

3 0 terminal connected to the second terminal of the third 

resistor 534. The second LO signal is a differential signal 
obtained at the first and second nodes Nl, N2 . 

The I limiter circuit 50 receives an injection enable 
signal for selecting between high-side LO injection and low- 
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side LO injection. That is, for high-side LO injection, the 
second current source 530 is enabled by the injection enable 
signal and for low-side LO injection, the third current source 
531 is enabled by the injection enable signal (i.e., the 
inverse of the injection enable signal) . Further, as should 
be understood by those of skill in the art, it is important 
that I limiter circuit 50 differential output signals and the 
Q limiter circuit 52 differential output signals are fed to 
the same respective inputs of the first and second mixers 42, 
44. 

It has been determined that at high frequency, the I 
limiter circuit 50 and the Q limiter circuit 52 do not produce 
a good image rejection ratio (IRR) because the paths presented 
from the I LO and the Q LO differ such that a phase mismatch 
that is not 9 0 degrees is produced. For examples, at 
frequencies in the 2.4 GHz range, the IRR degrades 
significantly. 

Referring now to Fig. 8, a second embodiment of a Q 
limiter circuit 62 is shown. The I limiter circuit 50 is the 
same as the I limiter circuit 50 shown in Fig. 7. In this 
embodiment, the Q limiter circuit 60 includes a dummy phase 
inverter so that the Q limiter circuit 60 will have the same 
phase delay as the I limiter circuit 50. 

The Q limiter circuit 60 includes, in addition to the 
first current source 521, first transistor 522, second 
transistor 523, and first and second resistors 524, 525, a 
fourth current source 621, a seventh transistor 622, and an 
eighth transistor 623. The fourth current source 621 has a 
first terminal connected to ground and a second terminal 
connected to the emitters of the seventh and eighth 
transistors 622, 623, which are connected together. The bases 
of the seventh and eighth transistors 622, 623 receive the LO Q 
signal, which is preferably a differential signal. The 
collector of the seventh transistor 622 is connected to the 
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first resistor 524 and to the collector of the first 
transistor 522 at a fourth node N4 and the collector of the 
eighth transistor 623 is connected to the second resistor 525 
and to the collector of the second transistor 523 at a fifth 
node N5. The bases of the first and eighth transistors 522, 
623 are connected together at a sixth node N6 . The bases of 
the second and seventh transistors 523, 622 are connected 
together too. 

In the presently preferred embodiment, the first current 
source 521 is always enabled and the fourth current source 621 
is always disabled . 

As is apparent from the above, the present invention 
provides an image rejection mixer circuit that is switchable 
for either high-side injection or low-side injection using an 
enable signal. The image rejection mixer is suitable for low- 
cost wireless communications and networking between PCs, 
mobile phones and other devices, such as in the 2.4 GHz ISM 
band. It will be appreciated by those skilled in the art that 
changes could be made to the embodiments described above 
without departing from the broad inventive concept thereof. 
For example, although the present invention has been described 
with reference to 2.4 GHz applications, the invention can be 
adapted and applied to other frequency ranges and 
communications protocols operating in other frequency ranges. 
It is understood, therefore, that this invention is not 
limited to the particular embodiments disclosed, but it is 
intended to cover modifications within the spirit and scope of 
the present invention as defined by the appended claims. 
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